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- .- •• • h. • 
··v:a1u.es-: o_.f· Q· of on.e~e:ieventh, the. amplit:fi.e_r 'be :g:ai-n o_qri: be· ·reai·,1.z:e:d_:;; 
. . . : 
-· 
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··~ 
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Appendix 
Details of Analysis of K·e9n-I·eters, C\l ... rc.ui.t 
/ ' . Deri v2.ti on 01:.'"' z1 . · for cir·cuit ·h'i th· non_--iceal a~ pli fier n 
The circuit is given in fitt1re L: .• Loop .e.q··u.ations ,ire: 
e1 = i1(R1 + Z2) - i~Ri - i4Z2 
T;;---_._·e-. ·:i,:l 
0 
0 
-Ae 
+Ae 
-
-· 
-
-
in 
in 
~11R1 + 
i 3 ( 2 . + a 
- 14 ( Z2 -
- i 6 ( Zo -
i2 ( R1 
R4 +· 
+ Zs 
+ Ii-4: 
input V:6:Lta_.g=e to. t:11.e 
:e·in :~ ( 12. -- i s)Za 
.. 
+ z6 + z ) 1 i sZ -a a 
Zs) i2Z 1423 -- -a 
+· 
+ 
Zo) 
- i1Z2 -
Rs) - i3~ -
r ·-n··y,,,·1· i·-f"' 1• b , . 1° S •. 0..-L.: L/ ... , .· J.. v.r 
' ··-·. . . . ... ,. 
,, .. •, 
isZa 
I 
i4Zo 
isR4 
- i sZo 
rearr~nrihg terrrs eiv~s a set of equatibns which £~h 
be: :e. x.:r,re s sec_ 
-
z = 
ii 
i~ 
I • - 1 
- 3 
14 
i 5 
( Ri +Z2 \ J 
-Ri 
0 
in rr.a tri:x 
-
-Ri 
,=--· . . n 
J.. or~ .. 
E -
-
as ZI 
e1 
0 
0 
0 
0 
0 
~z. 
. ·a 
(.z +'R4+Zs) c;;.. . ' 
-( Zs+l~Za) · 
? •. w~1E'tre 
;.,.J ' 
-Z2 
0 
.o· 
0 
-~ 
-Zo 
0 (-~ +.AZa) ( Zo+R~+Rs) 
l .. 
. . 
·1 
/ 
) 
., 
1 
- ... A. - . 
-
The iJJ:pv.t J .. rr.r:edance ··to t:-1e c_:irc:uit is: 
.·· . _ ~ _ dete.rr.i·ns.nt of r:-.E .. trix Z 
Zin - i 1. - n lnbr Of eler ent z1.1. 
After r·eirforn ins t~~e n~cessc.ry r.a.tri): rran·i:pt.{1at.·1ons,. 
iJ J Z.:J A + ",. ~ + ,.,. z + N4Z0Za + :{ 5 ::Z:i-1:l .i.\ 2 L.8 .:.\ 3 O - .. , ..... I:iZ8_A + Lie; Za + L13Zo + D4ZcZa + L5 
J-t2 = (R4+Rs)(R1ZaZ5 + R1Z3Z6 + Z2Z3Z6) 
+ R1R4RsZ2 + R1R4RsZs + Z2ZsR4R5 
N.a· :=: (Z3+R4) (RiR6Z6+ R1.Z2Z5+ RiZzR5+ ZzR5Z6) 
}J:4: :::. ( :z z. +Zs ) ( R 1 Z 6 + R 1 Rs ) + ( R4 + R 6 ) ( R i + Z 2 ) Z 6 
+ R1R4Rs+ Z2ZsZ6 + Z2Z3Rs + Z2R4R5 
Ns - (Z~+Zs)R1R4RsZ6 + ·(R4+Rs)R1Z2Z3Z6 
+ (R1+Z6)Z2ZaR4R5 
D2 = {R1+Z6)(Z2+Z3)(R4+R5) + Z2Z~(~4+Rs) 
+ R4lt5 ( Zz+Zs) 
·ts.'= (Ri+:Z6) ( Z~R4 + ZzZ3 + l"t4·.R5· ·+ Z~R.s) 
'J}4 = (R.~+:Zb·)(R4 + Rs + Z:2 +· Za~• + :z2R4 + Z2Z.a 
+ :?.4Rs + ZaB5 
Tn.e .e"x:pr,e·s_sion r~or~-Zi·n~_(c_epe.nxi.Ls. on. t:h·r·ee an~pl_ifier 
characteristics.: t::9 SB,in'v(A), t:1e out;·ut irrrecanc.~ {Zo.~f, 
8.nc. the input inpeC.ance ( Za). For. an ideal a.rr::pl1f1er, 
Za and A a:=;·ro=-·-cl1 infinity snd 20 
Us inf· 1 1 :-ros~'.it&l' s rt:.le, it c&n te sho:wu tt:at. :if. 
Zo > 0 anc Za · ~ DC> , 
; .. 
.. 
... 
lt, in- ·a:,3.o.it'ion, A > oo 
·I 
T!h .. J: S: e,xr:,:re s s ion is e. ·qui v a l·en,t -t-o t:ie: or1e -vrt}i ot1 r.-e -s lJl·t:s 
-'1 
if e.n. icie-e.l· a:r;._r,lif:i~f- is e .. s .. e ..u.t:e.c~ ·f .. t t-,~~"f~ :b:.e:rrin-.rt_iin,e. o:f· 
·the· trni.lysi~ .• t.Js:in:rr t.he r~-lElt.ion·s.: 
·.Zs, = 
J R1R4 
C3ff: 
C5R1 
t ··h··0 n· ·.a.._,·~ _ _:_ 
·1. 
_s··c~- :z-: •. 
CaC-5R1Rsli4/R··5 
. . . 
(Ca:R.aR4 + C6R4Ets 
rt1.R4 - RsRs 
C6Ri.Rs ( C3R4 
CzH5_ 
CsR3: 
C -i ·\. - .-:, [i 6' ) .. . ...., •· '. 
('G.6_ = ·O.} 
·( b-~ - ·OJ 
- Rs 
- 1 + Srt3C3 
:c:_,·1.·: 
:a..;.: 
.·,. L: · ·-::: .CaR-s:fts. 
. . ; . . 
. : \ '. -
• 
• 
. •·:.. 
' 
:The .acc:r'te, condi·t.io:ns c:.ern·· a·1so be· eir:r:·re:s>:s.e-t: :a:s 
... (t~is e(U&tion 6efines k): 
~a - & - C2 -R1 - Rs - C3 k 
Jherefore, C2 = C5. s i rr n 1 i. f·i,r_ ·t:he .a.n a.l ... ~'S i s .·, : 1...- . . . ·"-.' ,.} 
·c·.:· .~ ·c· .. 6 •:_ ·t. :. 1:· A·n .• 
. . ~· ·· ... ~ ,. .. ~:..~. . .. 
, .R . 
. r . 
.:..:-... ': 
• 
A'T + "r,T .;,_\1 .L\2 
AD1 + D2 
. r; 
T.o.. siILI>l.i_f·y the $11._f;:~ly sis, . . . . ~ . \·re use . t l: .. e. r··a.it·:t .0 Jt :c .. e f i_·n:e d 
W·i ··er . IT· 8 
ANl I + 'T Zin .1.\ 2 RADi I + D2 
. 
I N 1 = Sl{ 2 (:.:s:1r + l) 
N~ = S 2 1{ 3 (k+l) + Sk(,.2.k}+-l}(}:-+1:) + (l~*-·1} 2 
D~ = k(Sl{+l) 
s = :.siRC = ~c 
If the -em:1>1.i.fi.er , nas 
. 
wnere ·.~·-:· :~ .. c 
'--' ~- -~ 
+· }-,··e· l.·ow- fr.'.:) ~u- -.·n··.· ·c·· y· : -=::"·· ...... ~.:_.)'."'i_ ·. o·f' ·t ..l10 ·6 n·: ·p: ··.· ,· .. 1·· ·~·1··: 0 ·r· •· · ·Ti::... pn • I;..,, :.i,. ·~ · · . .... .._.. t;:; · · · . · · · . .-,. a ~ ,L' .1. . .•,. . .. "'"·~ c... .i. ·. , . l . · l. .. j ··. · ..• ·.· .. 1 . ..1: ~-· . ·.· , .. · ·. • ~ -· .. ;, . ·.· ."'-'" ·- ·. . 
-~ 
. -
I ... 
-~- o·r····· .• Y:l n .. '-<' .· e .·., 
- T·. lr 3 (. k + 1·_-,· __ )·_ .. :a·si ·-
• 
~:2- -:= .Gil{ 3 + k:a: ( Jt.+l. J .+: Tk ( c! lr + 1 ) ( k + 1 ) 
bo 
~·.Gk~--+ ·k.(.2k,+l}{.·k+l) + I'(1c+l) 2 
=: {'lr·+l ) 2 · · 
·=: T:k:.~'{:2k+l) ( k+l) 
= ka(2k+l)(k+l_} + fk(2k+l)(k+2} 
= Gk 2 + l{ ( 2k+·1·)(.~+2:) + T (k+l.} 
= Gk. + ( k+l) 
Next, "''e e-x:-rrn~:ine the ·ef- f.e. c.t o·f :r'"'":j)rtit/e P~~tin ott t.h.:~ . 
. ate ..bili ty· crf· tr.~~ c:f_1~c·u1t •: ·:X:1e zer·o.s. ·.ea.:n be s:-hovrn t:o· oe 
1·n t~1e left-hand r-·.l&t12:)'. .at 
. ._;· 
-1 
k 
.. 
G Sz - - T{k+l) 
T11e S2, S:s·. $:(lv:ati.Ob$· :a:r.e a:pr,roxirr4ate:, 
~-
-
(k+1) 2 
Gk 
,., 
·~. 
... 
_ .. _ ... !.,&. •••. .I,._ ......... ___ ..... - - -- - _- - ,,_ -· • 
'. 
.. 
-
..·.· . 
. S:2 -k-~:{ 2k+l) ( k+l) T + Sk( 2k+l) ( T+lr: ( l{+l)) 
+ Gk 2 + k(2k+l) - kT 
-\flt-h a rerr.ainoe-r ( T-}~). The e.rr.··or ·i.rrtr-o:duc·e·d °lJJ 
·ass.µn-~irte: ·tri.e r·err.e.incer equ.als zero 1-s -sn:.alJ .• ·The r·oot·s 
S:}~ ,. · :S 3 cart t'i1e.n- be found. A criti:c:a:t V:a:l,ue tJf T 1.s 
-~ (2k + l)(k + 1) T .. ,__ 4kG 
-··· . 
.. 
·.r;r T: ·is :ereater tl1an tr:e.· ·critica:1. VE~:1u-.e,. ttre.- p-o:·lre;s_ 
/rs·. ·T de;crea.s.es, one- _po.le.:,. ,rr,ove.s to\'.lftt·d ·tt~_e. o:r1.-·.s-_·tn· .arid 
t_·he. other tovrar-¢ rr.inu.s inf:irti·ty. Ap·r;ro:x1·rr·.:a··t$ · f~or1ru.~:L:ars, 
a.re: 
For lar-:g.e· T .: 
~ (}1~ ! J; (2k+l)(k+l)T 
1 1 
-
- -
- T ~: - k(k+l) 
·' -Fi:'g_µre· 5- s h:ovrs tlJ>?J- ·ro.o:t-""··I·o·-:qufJ plot for th.e I.<:~~J1-."Fete.rs 
:·ct.rcu·i_t .for· ~-i.rfit.e f_a_in •. Sin::ce t:1ere <£~:r~ no rie:·nt 11a:1r--
ril. ·a·· -n· --·-·e·- ·17 0Y'()-Q . 
. _:j?· . . .- . ·L.; """":•·-. . ~: 
. ,.J. 
_,,.: 
... 
'· 
.. --.·· 
', 
-" 
·••····· 
. . 
·.2··.·.6.··.· 
-·~ . -· ' 
Q of t~:_e Keen-Feters ·c.-ircui t 
If T = k , _the zero :_c;;:t S = -1/k 1 s a:;p_p·r'oxitr-a.tel.-y 
' c~incellec t;y one of t·Fte ~poles. If 1de cs·"r1ce·1 t.he :;o1:~e: 
~.nrl: 
.0 ·"""" 
Zin . 1.2 + Sai s. ·'a2 + aQ_ 
-R - z . .. Sbi bo s- b2 + + 
a2 Tk 2 ·-(1{+1:) 
a1 - Gk 2 + · Jr 2 (J;tl) + T(k+1) 2 -
ao (l{+l) z 
e 
b2 - Tk ( 21( + 1 ) ( k + 1 ) -
t; l. 2(1{+1) ( T + lr ( k+l)) 
'bo - Gk + 21{ + 1 T - -
- r.~~,.·. ~.r,n·.o~e· ~,- -
-- J ''y :·, ·-'( ·-~ -.. ~ ~- . . ,. 
~,.,rG k 2 ~~ {k+l) 2 + w2 k(k(k+l)(2k+i) + T(k+l-k2 )) 
L = L0 k(l + K4 ) G 
K4, = ~(1i~Tk(2k+l) (k+l) + 'I',.,. (2k+l)) 
•. 
-, 
") 
w· 
.. 0 lk 1 .... + ....l.-" .c\; .. 
,.; . ·· .. 
- -~ - - -----~ - ~--e--~~-----,---------
k + 1 
', Kl +l c:.. .},. ..... 
In or~er to ~ake -~ ~nd w0 .in¢epentent of T; 
k = 1.618 
Then: 
T .. :_, l'.""\_'Q . ·;..,.; \J: 
. I 
l - - - . tlas: :t· : ·h:' e- r· · o·  .. ,_Y)nt :.• 
.. ~. ·-· .• ::·. . . ·,L .. ti~ .• 
-· :}rI\i ... 
·Q ,.=: K. ··- + v:i 2 K·-2 .... "•'""~-
·By :·diff·ei~en-t:$-2.-ting Q \vi th re:sJ;:::e.ct to, vr~- ·the.· o.:r:t.,in~_u:rr 
V\:tl u.e ·ot~ ·-w c a-n t e f o u_ri d : 
. :Ail so: 
.-. : . . . . . . 
.J . 
g -
-Qn:ax -. 1 - 1 
r·r Q = Q_rr. ax//2 , 1..:/i·ro = /2 + 1. The can.4::,ri_.o.th ·is 
-
.c:-
:,• .: 
.,, 
.2·8. 
--.s·· ·,e·.··.:n· .. s:_ ·-1·: .·t·· ..· .. 1··.· "'i.'r ·1· .. ·t· .. ··. ·o .. f 
. ~· . ·. :· .. :_· ··; .-. :- . . ·_. · ... ··v- :· ·-, :- _:.:· . anc. L to 2.-1:rrJ.ifier !:-"ain 
Tl1:e ~-qU:ci't?i.ons for :~ a.nd ... L- ha_v.e 'the · f,orrr. : 
L. ·;.;;.;.,. -L:•··o··-.(.·1.·... +. h) 
. . -- . ', ·_ .. ·-. ,., 
. \.1 
The ·se·n,s·.1.:t:-:fv·lties 
.· - . ' ... - . . ,· ... '' . . .. 
r __ ·· .r.cs C.. -~- ·c r· 1· :c···u·· ·1 r, ·t· Clo: •a· .s: ·f·. ··o, .. ·.1: ·.1·.o· :-1.·q_,. ·s···  ...... . ... ·a- .. : .:.·: o .. , .. ""'.. . . . .. . 
_ •. ··•,; : ..... 71::--
S... JLG 
·L = -. ...,_. "'· L---
. . ,:)Li •· 
(., 
= K(-G~) 
. .i.~ 
( K4i·)·_ .. G· 
= Lo ... ·crz·.·r -
Kt: = ~(wia?l\(2k+l )( k+l) + T - { 2k+l)) 
---- .- --.~ 
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